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would allow (3) long exposure durations For example, it seemed vain to think
that five minutei aosureto a 435 field at 10 V/s would affect any
behavior at all. A final requ E, based on repeated references in the
literature to reaction time, circadian rnythums, etc., was thst the task
i som kind of (4) timin, behavior. These four requirements allinvolve s m i d o 4 ~ iig
seemed to be met by employing an interresponse time schedule of reinforcement
(IRT task) in which an animal is reinforced fo; pressing a lever once every
N sec within a specified period (9imited holdk . If the animal presses too
early or too late, the timer recycle In these studies, the animal was
reinforced with a tiny squirt of app e uice for pressing the lever every
S sec within a 2.5 sec limited hold Exposures were four hours long anf test
periods were three hours long. In ipproximately 300 experiments, four 4-houx
replications of each field exposurO plus an intermingled no-field tests were
done for each of five monkeys. EVidence was discovered for a shift in the
direction of shorted inter-respodse timis in the presence of fields of a given
frequency and voltage within a vange from 1-100 V/m and 7 to 75 Hz.

Four major conclusions weve •aw from this study:

(1) Frequency-specificity. The evidence for a low threshold for 7 Hz is
most intaresting. Analagous frequency-specificity changes in calcium
efflux ()in in vitro neonatal chick brains have been observed in
our laboratory.

(2) Voltage. raca data suggest some degree of doie-dependency. Results at
100 V/z p-p were inconclusive and suggest eithber a voltage-window cf the
kind observed by Lalaijn (and in the calcium efflux studies) or a 24-hour
carryover effect.

(3) Duration of exposure. Relatively long exposure durations appear to have
contributed to the systematic array of results.

(4) Behavioral assay. The question of external stimulus control. The IRT tas
apparently was adequately s~nsi~ive and reliable. A comparison of our

results with those of other negative primate studies revealed that in
the negative studies, behavioral asseys included more traditional tasks,
including reaction time tests, fixed interval tests, match-to-sample
tests, etc., typically administered in 15-minute intervals. Animals
were deprived of food and water and exposed to a variety of light and
sound cues regulating the various tasks. In the IRT task, the monkeys
were isolated; they were not deprived during testing; there vwre no sound
or light cues regulating the±r behavior. It might be said that the
animals were forced, by the nature of the timing task, to pay attention
to their own internal milieu.
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1. INTRODUCTION

Over the past several years, there have been some dramatic results
reported in observational studies (as contrasted with laboratory
studies) of the role of weak ELF fields in affecting the survival
behavior of certain species. One example of such a study is that
of Kslmijn (1) in which he demonstrated that sharks us& weak, ELF
fields to detect their prey. Inan ingenious series of experiments,
Kalmijn demonstrated that sharks detected a flat fish buried in sand
at the bottom of a large hold tank on the basis of the weak ELF field
emitted by the flat fish. Kalmija estimated chis field to be on
the order of .2uV/cm and to cause sloveng of respiratory rhythms.
When non-electric cues were systematically eliminated by the use
of an agar chamber, the shark continued to dive Immediately to the
buried flat fish. However, the introduction of a thick polyethelene
film placed around the prey attenuated the electric field and succeeded
in confusing the shark. When the natural field of the flat fish
es simulated th a .4/cn field at 5 th produced by tha electrodes

buried in sand at the bottom of the tank, the shark dove immediately
to the location of the electrodes. In later experiments, Kalmijn
observed a voltage window; i.e., the effect yas not observed if a
substantially higher voltage simulation was used. Special receptors,
the ampullae of Lrenzini, were discovered to account for the shark's
perception of the weak fields.

Other observational studies have been done on the homing and
migration of birds. The study of Keeton (2) is especially interesting.
Although this study mployed weak magnetic fields rather than electric
fields, it is described briefly here because of an important methodologi-
cal point. Keeton strapped tiny magnets on the backs of homing pigeons
and observed that their flight was, consequently, disoriented but
only on cloudy days. He concluded that if the sun were present as
a salient cue, the pigeons -ould only be observed when strong external
cuer guiding their behavlr were absent.

New evidence for disruption of migration by weak ELF fields has
recently been offered by Williams, Williams, Larkin and Sutherland (3).
They have observed that migratory birds showed a deviatior in flight
direction of 50 to 250 around the Seafarer antenna, when the N-S
axis was energized. Indications were that flight direction was rapidly
corrected. This field was estimated to be .17 V/u rms at 10 meters,
perpendicular to the antenna.

These observational studies raise the question of whether they
represent merely isolated peculiarities of nature or whether they
point towards some fundamental prmperty of nervous systems that extends
throughout the animal kingdom, including man.

In 1969, we began a long series of studies (Gavalas, Walter,
Ramer and Adey (4), Gavalas-Hedici and Day-Magdaleno (5)) aimed at
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exploring the possible effects of weak ELF fields on behavior of
monkeys in the laboratory. It seemed obvious, a& the outset, that
low freqa-ncy fields at levels of 1-100 V/ p-p were noL'ltkely to
produce dramatic, sudden onset, behavioral chances. Fields at those
levels are routinely encountered in Lhe home around 60 Hz devices.)
It was taken as a challenge to find a 1) hiphlv sensitive but reliable
behavioral assay that could, in principle, 2) detect thresholds and
would allow 3) long exposure durations. For example, it seemed vain
to think that five minutes of exposure to a 45 Hz field at 10 V/m
would affect any beHavior at all. A final requirement, based on
repeated references in tHe literature to reaction time, circadian
rhythms, etc., was that the task involve some kind of 4) "timinG'
behavior. These four requirements all seemed to be met by employingIan Interresponse time schedule of reinforcement (IRT task) in which
an animal is reinforced for pressing a lever once very N sec within
a specified period ("limited hold"). If the animal presses too early
or too late, the timer recycles. In these studies, the animal was
reinforced with a tiny squirt of apple juice for pressing the lever
every 5 sec within a 2.5 sec limited hold. Exposures were four hours
long and test periods were three hours long. In approximately 300
experiments, four 4-1cour replications of each field exposure plus
intermingled no-field tests were done for each of five monkeys.
Evidence was discovered for a shift in the direction of shorted inter-
response times in the presence of fields of a given frequency and
voltage within a range from 1-100 V/m and 7 to 75 Hz.

Figure I shows the kind of IRT distributions that were observed
for a single 4-hour exposure for a given field condition for one
monkey and compares that distribution with a control, no-field test
for the same monkey. Note the larger sample of responses in each
distribution and the increasing separation of the distributions as
voltage is increased from I to 56 V/m p-p.

Figure 2 summarizes the result of all of the experiments over
all monkeys within the voltage range from I to 56 V/m p-p. The X-
axis shows changes in average interresponse times, the Y-axis shows
the three voltage levels tested (1, 10 and 56 V/m; the different
bars represent frequencies tested). It may be seen that at 1 V/m,
all differences are in the direction of shorted IRT's but none is
statistically significant. At 10 Vim there is evidcnce for a threshold
change for 7 Hz but not 45 Hz or 75 Hz. This may represent the biologi-
cal relevance of this frequency; it is within the range of hippocampal

*theta for the monkey. At 56 V/m, IRT differences are much larger
and significant for both 7 Hz and 75 Hz. Studies of EEG in two implanteI
monkeys in this series pointed towards a reduction of power in the
range of 1-3 Ha and shift towards higher power In the middle EEG
ranges of 5-16 Hz. Such data are compatible with heightened arousal
and shorter IRT's.

Four major conclusions may be drawn from this study:

2. j
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_ _1) _uenc_-specifct . The evidence for 4 low threshold

for 7 Ha is most interesting. Analsous frequency-specificity changes
spa in calcium efflux (6) in In vitro neonatal chick brains have been

observed in our laboratory.

2) Voltage. The data suggest some degree of dose-dependency.
Results at 100 V/m p-p were inconclusive and suggest either a voltage-
window of the kind observed by Kalmijn (and in the calcium efflux
studies) or a 24-hour carryover effect.

3) uration of exposure. Relatively long exposure durations
appear to have contributed to the systematic array of results.

4) Behavioral astay: The question of external stimulus control.
The IRT task apparently was adequately sensitive and reliable. A1. comparison of our results with those of other negative primate studies
revealed that in the negative studies, behavioral assays included
more traditional tasks, including reaction time tests, fixed interval
tests, match-to-sample tests, etc., typically administered in 15-
minute intervals. Animals were deprived of food and water and exposed

7to a variety of light and sound cues regulating the various tasks.
In the IRT task, the monkeys were isolated; they were not deprived
during testing; there were no sound or light cues regulating their
behavior. It might be said that the animals were forced, by the
nature of the timing task, to pay attention to their own internal
milieu.

A quick reminder note that this is quite analogous to Keeton'a
interpretation o: the pigeon homing data This general finding might
be paraphrased as follovs: behavioral effects, LZ any, of weak electric
fields are more likely to be observed in the absence of strons external
stimulus control.

A similar incerpretation has been made in a number of studies
in the area of behavioral toxicology. Figure 3 shows tho results
of a study (7) of the effects of amphetamine on a DIIL (difierential
reinforcement of low rates) schedule of reinforcement. This Schedule
is similar to the IRT schedule, but lacks a limited hold. This schedule
revealed a substantial effect of I mg/K of amp'hetamine on both number
of responses and number of reinforcements. Whet. the experiment was
modified so that a single external stimulus cue (a light) was added
to the onset of correct interval, the effects of amphetaml %tra
completely obliterated.

Similarly, data from Laties ($) In presented In Figures 4 and 5.
This study demonstrates that a pigeon worked on a FcNS (fixed consecu-

tive number) schedule of reinforcement showed extremely variable
performance following administration of methyl mercury. Hovever,
the addition of a light cue, indicating when the animal should shift
to the reinforcement key, resulted in "normalizing" his behavior
so that the effects of the methyl mercury could no longer be observed.

V.. ....** ,



The subsequent removal of the light revealed that the behavior once
again appeared perturbed-and Implied that the effects of the mercury

. were still present. Ogden Lindsley (8) has aptly labeled the use
of such cues a "behavioral prostheses."

Finally, a similar example of the effect of external stimuli
control was reported In a recent issue of the Journal of Comparative
and Physiological Psynholoy by Bragglo and Ellen (9). In studies
of brain lesions In the septum, hippocampus, dorsomedial nuclei of
the thalamus and dorsoventral thalamus they found that behavior on
a DRL schedule Is disrupted (over-responding occurs). The authors
note that adding a light as a timing cue attenuated the symptom and
"...eliminates the appearance of any difference between operated
a nd normal animals during the cued training period" (p. 701).

The present series of studies utilized the methodological principles
described above to assay possible behavioral and EEG changes associated
with the presence of weak frequency-modulated ELF fields that closely

* simulated those of Project Seafarer. The techniques, description
of the facilities, atc., have been described In detail in an earlier
ONR Technical Report (Contract No. N0001469A02004037, April 1975)
entitled "An Evaluation of Possible Effects of 45 Hs, 60 Mz and 75
Hz Electric Fields on Neurophysiology and Behavior of Monkeys. Phase
1: Continuous Wave" by R. Gavalas-Medicl and S. R. Magdaleno.

11. HEThODS

A. Field Simulation. Two double bronze screened exposure chambers
were used. Parallel field plates (1 meter square) were spaced 50
centimeters apart in each chamber. A closed circuit TV camera was
mounted inside each enclosure with monitor and equipment located
outside. There were no AC devices Inside the chambers except for
the well-shielded camera and cables. All blowers, generators, etc.,
were kept outside the chamber. The rooms were illuminated with DC
light. "Inside" and "outside" temperatures could be read remotely.

Monkeys were trained and tested in Foringer monkey chairs that
* had been modified so that as much metal as possible was eliminated
* (and replaced with specially fabricated plastic parts).

The frequency-modulated signal was generated by a special device
*designed and fabricated by IITRI. The frequency-modulated signal
* varied from 72 Hz to 80 Hz with a center frequency of 76 Hz. This

- frequency modulated field was tested at .2 V/m p-p, 10 V/m p-o and
5 p -p. Additional testing was done with the same field with
lOV-p~ of 60 Hs added on, to simulate the ambient 60 Ha field

*that might occur in the region of Project Seafarer. Other tests
*were made at 76 Hz CW so that possible effects could be compared
*vith and without the frequency modulation. Tests at 7 Hs CW had

been made In the 1975 studios and those results suggested a distinctly
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lover threshold for this biologically relevant frequency (it Is vithin
the range of hippocampal Oeta for the aonkey).

The electric fields were measured before and after the experiments
by UTRI, utilizing their specially developed high Impedance electric
field probe and magnetic field probe. The presence of the field
was continuously monitored during testing. At the beginning of the
experiments, this was done by recording the signal on the Grans EEG
recorder (used to record EEG data-from Implanted monkeys). However,
this produced a high-pitched, faintly audibli noise from the recording
pens when the higher frequencies (76 Ks, 76 ask) were used. Consequently,
the presence of the field vas monitored with an oscilloscope to prevent
possible auditory detection of the field by the monkeys. This change
in procedure resulted in the inadvertent grounding of one of the
field plates and a resultant Imbalance in the electric fields between
the plates. Measuxements anO mapping of the field wer made by 1ITT1
at the conclusion of the expiriment.

The voltage levels in the center of the chamber were only slightly
affected hy the imbalance. Field levels were measured at ± 1OZ of
the expected value in the region between the plates where the monkey
was positioned.

Conducted current measurements in a phantom monkey indicated
that these values were substantially higher in the imbalanced field
than In the balanced field condition (e.g., 8.3 nanoamps at 10 VIm p-p
vs. 0.35 nanoamps). The overall lack of significant behavioral changes
described later in this report suggests that, in any case, these
increased current values did not produce spurious false positive
results.

A detailed description of the chambers and the field measurements
is included in Appendix 11 ("Electromagnetic Field Measurements
in Support of Primate Behavioral and EEG Studies" by Gauger, J.R.
and Robertson, N.C.).

B. Experimental Design - Behavior. Behavioral protocols have
been described in the ONR 1975 Technical Report and in related publications
(see References at end of this report). The rationale for the use of
the interresponse time schedule of reinforcement as a behavioral
assay has been discussed in Appendix B, "Behavioral Assays *f Possible
Weak ELF Effects: Coments and Recommendations" In a 1977 report
of the "Biologic Effects of Electric and Magnetic Fields Associated
with Proposed Project Seafarer" by the National Research Council,
Rational Academy of Sciences. (See Appendix 1I, this Report.)

Briefly, this schedule of reinforcement entails training the
monkey to press a lever once every N sac (5 sec) within a specified
tine "vindow" (2.5 sec). As in the Ct studies reported to 1975,
animals were trained for approximately 100 days for three hours per
day at the same time everyday until performance levels reached about

5.



802 correct. Animals were maintained on a standard laboratory diet
(monkey :ho pellets, fruit and water) and correct responses on the

! T ZR task were reinforced with small squirts of apple Juice. Animals
vere tested in adapted Foringer monkey chairs five days a week and
returned to their bhoe cages over the weekend.

in Six animals (two Implanted with EG electrodes and four implanted)
were tested In a counterbalanced series of tests at 10 V/m p-p.
One Implanted animal died of causes unrelated to the experiment and
the remaining five were t*sted at an array of frequencies at 36 V/u.Testing at 36 V/u and 10 V/u was counterbalanced for the five animals.

At the concluston of these experiments, four animals (two Implanted
and two unimplanted) were retrained to the criterion of 802 and then
tested at .2 V/u p-ps a level chosen to correspond to field levils
measured near the Project Seafarer antenna. Frequencies tested at
all three voltage levels included 76 Is frequency modulated, 76 Hs
frequency modulated with 10 V/m p-p of 60 Ix added in, 76 1z CV and
7 1: CW. Control (no-field) tests were interspersed vith field tests
in a counterbalanced design and no-flold "carry-over" tests followed
every day of field exposure. Monday was routinely considered a practice
day. In all cases, monkeys were exposed to the fields for iour hours
and tested in the behavioral task during hours two, three and four.
On control tests, the animals simply sat in the chamber for one hourIbefcre testing began. The protocol for these experiments differed
from the protocol for the CW studies in th.ee ways: 1) "Carry-over"
tests were done in this series of tests and not in the CV tests,
2) only two replications of each field condition were performed rather
than four. 3) conditions were randomly assigned in the CV study and
counterbalanced in the present study.

In addition, preliminary training of the monkeys was done in
a nodi ted version of the 7.5 sec IRT 25 sac task. An attempt was
mada to sake the task more sensitive to possible field effects by
pretraining the animals on an 18 sec CIRT,12 sec task and testing
them on a 15 sec cIRT> 12 sec task. It was hypothesized that the
relatively wide training "window" could allow the animals a larger

* margin of Improvement (markedly shorter WiT's) under appropria
field conditions. However, this technique produced too much va2-.bility
in responding and was discontinued. All animals were then retrained
in the 7.5 sac (<IR-5 sac task used in the 1975 CW studies. This
fact may be of special significance because UIT values were substantially
smaller in the present study for all conditions, including control
conditions, than in the CV study.

For all conditions behavioral data were recorded on an FR 1260
Ampex tape recorder, The analog tapes were digitized and then analyzed.

• ! Each response of the animal was tilled as a function of time elapsed
since the Inmediately preceding reabonse. Din width for analysis
was set at .1 sac and 175 bins were counted. Rlstograms were printed
for the total three hour sessions and for consecutive 15-minute sessions.
Means, medians, modes and standard deviations were routinely calculated
for each experiment.

6.
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C. uierimental Design - 2E2. Two of the animals vee Implanted
with an array of bipolar XEG electrodes (see the April 1975 report
for a complete description of techniques).

150 data for all experiments at 10 V/m and 56 V/u vte tape recorded,
dLigitised and analyrad. Tim did not alloy for analysis of N&G data at
.2 V/a. Data were sampled !rom the lest hour of the experiment for
a set of 12 or more correct and 12 oi: more incorrect responses.

The nG data were analysed frs the end of the last response
pulse to the onset of the correct or Incorrect response pulse to
be analysed. Samples were drawn from the end of the exposure period.
All available samples were used in the analysis with the exception
of a few with obvious large movement artifacts. Spectral analysis
was done for each response segment; resolution was set at 1 Us and
covered the range 1-32 Ea. The subsets of correct and incorrect
responses were merged for each experiment and then merged across
replications of a given field condition or a control condition.

SThis resulted In a sample of approximately 24 or more correct and
approximately 24 or more incorrect responses for each experimental
condition and approximately 48 or sore of each response for the control
condition. These merged spectra were plotted as percentages of total
power, In order to provide an Index of possible changes in total

* power over time.

Brain structures assayed included for animal A: the right hippocampus,
left hippoe mpus, and right inygdala at 10 V/s. At 56 V/s, the right
amygdala am' right and left centre median were recorded. Vor animal
G: the right hippocampus, right superior colliculus, and right temporal
lobe were recorded for both 10 and 56 V/m.

Because recordings were made from only two animals, no inferential
statistics ware calculated. Instead, the complete data set of percent
power graphs is presented in Appendix I.

111. RESULTS

A. Behavior. Mean IRT's, standard deviations, nimber of responses,
and percent correct are presented for each voltage level tested in
Tables 1-6. In all cases, the mean IRT for each replication Is weighted
by the umber of responses to that replication. The means and standard
deviations therefore represent weighted mans across replications
for each condition for each animal. There Is no obvious ordering
of effects at .2 V/m p-p. It may be seen that the control condition
(0/0 c) falls in rank I (the shortest lRT) In two cases and in ranks
3 and 4 in the other two cases.

At 10 V/m (Table 3) there Is se Indication of a possible effect
for the 76 Us frequetcy-modulated field (76 a) since the nean M
for this condition falls In rank I for four of the six animals.
Uowever, this consistenry is not apparent in the beasuremenut of

* variability.
7.



At 56 V/n it may be noted that the 7 Vs CV field to associated
with a shorter-than-control mean ERT for each of the five animals.
The associated standard deviation io maller for four of the fLe
animals.

Descriptive t statistics for no-field sinus field men lIT walut
across animals are presented in Table 7. It say be seen that the
only statistically significant difference occurs at 10 V/ for the
76 Is frequency-modulated condition. lovever, in view of the large
array (15) of t tests and the lack of any effect at 56 V/, this
finding may well be due to chance. It is surprising that so many
negative values appear for the .1 V/4 tests. This may be due to
the fact that this test series followed the others in time. The
animals were exceedingly well trained at this point and their average
control value was 5.25 sec as compared with a control value of 5.37
for the 56 V/m teats and 3.51 for the 10 V/u tests.

Morte positive differences appear at the higher voltage levels
than the lower levels, suggesting some "dose dependency" In the array.
The 7 Vs condition Is associated with relatively large positive differ-
ences at 10 V/m and 56 V/m; these differences approach but do not
reach statistical sionficance. This fiding would seem to be in
general agreement with the 1975 CV studies which indicated an effect
for 7 Hs at 10 V/m and an even larger effect at 36 V/u (see Table 8).
The robustness of these earlier findirjo may well be due to the greater
number of replications (4 vs. 2) In the 1975 study. If the 10 V/s
data for 7 Ha are combined across the two studies, the average difference
Is .082, the standard error In .044, and the t is 1.876 and significant
at the .05 level (one-tailed). Similarly. if-data for 7 hz at 56 Vi
p-p are combined across the two studies, I Is .172, % -12 - .077, 
Is 2.234 and significant at the .01 level.

Extensive analysis of variance across different subsets of the
present data set present so surprises.

A simple one-rsy analysis of variance vIthin voltage levels
(Table 9) reveals no significant F's at any level. The largest F
Is associated with frequency of the field at 10 Ve (f - 1.43) and
reflects the t statistic reported for the 76 Is frequency-modulated
field at that level.

Two-way analyses of variance are shown in Table 10 where field
frequeincy and the subgroups of Implanted monkeys A and G versus unimplanted
monkeys are considered within voltage levels. A relatively high F (7.88)
occurs for implanted vs. uniplanted animals at the highest voltage
level (56 v/s p-p). All means reveal that the two Implanted onkeys
have a lonser lM (3.314 see) and the unimplanted have a shorter
average W (5.294 sec).

Results of three-wy analyses of variance (comparing field frequency,
Implanted vs. unimplanted and two voltage levels) are shown In Table 11.



No significant effects are observed for .2 V/s vs. 10 V/m or for
.2 V/s vs. 56 V/s. When 10 V/s is contrasted vith 56 Vim, a significant
Interaction is observed for field frequency and whether or not the
monkey is Implanted, This, again, reflects the fact that the two
implanted animals appear to be relatively "slow" responders In this
experiment. At 10 Wa, the avera* IT for the 76 Us modulated condition
to 5.770 for Implanted monkeys and 5.127 for unImplanted monkeys.

* The Nos involved in these comparisons are very small (2 vs. 3 and
2 vs. 4). Therefore, these results should not be over-interpreted.

During the long test series, the field was Inadvertently unbalanced,
as described earlier. Two monksys (A and G) had already been tested
In the balanced field mode at 10 V/maend one monkey (J) had been
tested in the balanced field at 56 V/s. As a precaution, some analyses

- of variance were done on the larger (unbalanced mode group) to be
I' sure that this procedural change had not markedly affected performance.

Table 12 summarizes these data. Data at .2 V/a are Identical since
all monkeys were run In the same mode. At 10 V/. p-p, field frequency
produces a significant F (3.42). This undoubtedly reflects the shorter
IRT's associated with the 76 Hs modulated field that vere described
earlier.

At 56 V/u, the analyses of variance results are approximately the
same with or without the one balanced-field monkey included.

Additional analyses of variance were done with only those monkeys
exposed to the unbalanced field. These results are similar to those

* observed when all animals are included in the analysis. k relatively
high, but not significant, F Is observed for Implanted vs. unimplanted
monkeys at 56 V/a, with mplanted monkeys shoving slove: scores; this
result also appeared in the complete data set.

In summary, the data at this point indicate that the frequency-

modulated fields have no effect on monkeys' performance on the IRT
task. A possible exception to this Is suggested by the t test reported
ret.o the 76 Rz frequency-modulated field at 10 V/a. Vovever, the lack
of any other corroborating evidence makes It rather unlikely that

*this is more than a chance occurrence.

There Is weak evidence for frequency specificity with relatively
.* large field-control differences being observed for the 7 Hz condition,
- as they were In the 1975 study. The weakness of this effect may
* be due to the decreased number of replications (2 vs. 4) or It may

be due to the overall faster performance of the monkeys in the present
experimental sertes. Tigure 6 shows a comparison of average control
values and 7 Ma field values for the 1975 and 1978 studies. It Is

possible that the animals in the present study were performing close
to an asymptotic level of performance (i.e., near the start of the
reward period) so that further shortening of lIT's would cause the

. animal to begin to press too early and lose reinforcements. A rank

9.
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.......................................



order correlation of control IRT's and observed 7 Hz field-produce.
" difference scores Is shown In Table 14. When the 1975 and 1978 dal

are combined, the Rho Is .62 and significant at the 0.5 level. Thi
lends support to the notion that large field-produced differences
could be less likely to be seen fn the present series where animals

*had been extensively pretrained.

t In a June 31, 1978 quarterly report, a series of studies on fis]
related calcium efflux from neonatal chick brains (S. M. Ravin and
V. R. Adey) have been described. As In the 1975 behavioral CW studi
ELF frequencies within EEC range (6 and 16 Hz in the case of the chit
7 Rz for the monkey) resulted In statistically significant changes.
For the monkeys, behavioral changes were observed at 7 Hz, 10 V/m
and larger changes were observed at 7 Hz, 56 V/i. For the chicks,

A a significant decrease In calclum efflux was observed for 6 and 16 Hz
at 10 V/m. Differences of about the same magnitude were observed
at 56 V/m p-p (see Table 15).

" Similar calcium studies were undertaken with the ane array of
frequency-modulated fields described in the present behavioral studies.

The results are remarkably comparabla to those observed with the
s *lRT task. None of the modulated fields produced a significant effect

on calcium offlux. The largest change observed va for the 76 Rz
frequency-modulated field with voltage level set at 10 V/s (see Table
16). Thin '."ield condition also resulted In the largest perturbation
of behavics In the monkey studies.

3B, EEG Results. In earlier studies, changes in hippocaupal
activity had been noted for some field conditions. In the present
study, there Is evidence for somewhat more activity In the 4-16 Hz
range for both animals for all field conditions, relative to the
control condition. This suggests a nonspecific heightened arousal
during field exposure similar to that described In the 1975 study.

Behavioral changes In this study were observed during exposure
*to the 10 V/s 76 Hz frequency-modulated condition. The EEC graphs

indicate a peak at about 4 Hz for Animal A (R. hippocampus) at 10 V/u.
However, this peak does not appear for Animal C.

Other brain structures tested do not present marked changes during
* *field exposure. Small changes relative to the control condition

appear to be attributable tn chance. They are not consistent across
* voltage levels nor across aaals.

I IV. S@ARY AND COMCLUSIONS

A. F recuenc -Nodulated Fields. With one exception, none of i
the 76 H& frequency-modulated fields (either with or without 10 V/mp-p of 60 Hs added on) produced any significant change in behaviora. measured by an interresponse time schedule of reinforcement.

i l l.. ... . . . . . . . ... ... .... . . ... . . . . . ....



Voltage levels of .2 Wasn 10 Via end 56 V/sp- were assayed. The
poesible exception Is a reduced inter-response time for the 76 Is
modulated field at 10 V/rn p-p. However* the affect does not appear
at either lower or higher voltage levels (see Figure 7) and, Indeed,
the observed difference Is in the opposite direction In those tests.
Furthermore, analyses of variance data at 10 V/m do not show a field
frequency effect.

Data frois the calcium efflux studies are remarkably compatible
with the behavioral results. No significant changes are observed
for any of the frequency-modulated fields at any voltage level.
As in the monkey studies, the largest difference cbserved is for

the 76 Rz frequency-modulated field at 10 V/m p-p.
Taken together. these data essentially present a picture of no

effect for the frequency-modulated fields. The possibility of a
borderline, near-threshold affect at 10 V/m suggests that more testing
(both behavioral and neur-ochealcal) night be performed at that level.
However. that Is well above supected field levels around Project
Seafarer (.2 VI. p-p).

s. cw Fields. An extensive series of studies on CW fields and
interresponse time behavior was reported by this laboratory In 1975.
These studies indicated a frequency-specific effect; namely, a low
threshold for a CW field within EEG range of the perforist monkey
(see Figure 8). In the present study, the 7 1: field produced relatively
large positive changes at both 10 V/m p-p and 56 V/m p-p. These differ-
ances approached but did not achieve statistical significance. It
has been suggested that 1) preerainiag of the animals and 2) reduced
number of replications may have lowered the value of the observed
differences. If data are combined for the 1975 and 1978 studies,
results remain significant at both voltage levels.

* Studies of calcium .1 fluz In neonatal chick brains, again, show
a very good concordance with t~he behavioral results. Systematic
decreases In calcium efflux were observed at 10 V/m pm-p and 56 V/rn
p-p for ISO range CW field frequencies (6 Hz and 16 Hz) for the chicks.

In conclusion, both the behavioral and neurochemical studies
suggest that the frequency-modulated fields are not likely to perturb
behavior or calcium ef flux at the frequencies and voltages tested.
The maximal effect observed was a borderline change at 10 V/u p-p
for the 76 Hz frequency-modulated field.

* The CV studies Interpreted In the context of the earler studies
(1970 and 1975) support the general hypothesis of frequency specificity
and suggest that IL? fields chat are biologically relevant, ioe,s

* within EEG range, my have substantially lower thresholds than either
CV fields outside that frequency range or frequency-modulated fields
outside that range.
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Table 1.

ONR-MH .2 V/u
RANK ORDER WEIGHTED MM UT AND STANDARD DEVIAIOK

(ntire Experiment - Last sin Excluded)

Anial A Animal I Animal J (u) Animal N (u)

Cond. z CM. X Cwd I Cond. X

76 N 5.14 o/Oc 5.15 OlOc 5.46 76/60 5.09

76 $.17 76160 5.18 o/Ox 5.46 76, 5.11

o/Oc 5.20 O/Ox 5.20 15.46 O/Ox 5.16

7 5.25 7 5.22 16 5.57 O/Oc 5.18

O/Ox 5.26 76M 5.22 76H 5.60 76 5.21

76/60 5.39 76 5.42 76/60 5.64 7 5.36

Cond. a Cond. a Cand. a Cond. a

7 .83 O/Oc .80 0/Ox 1.14 76M .72

76M .84 76M .83 76)M 1.30 76/60 .73

76 .91 O/Ox .90 O/Oc 1.36 76 .85

O/Ox .97 7 .96 76/60 1.40 0/Ox .93

76/60 1.03 76 1.07 7 1.42 O/Oc .95

O/Oc 1.04 76/60 1.10 76 1.52 7 1.30

(u) indicates uniaplanted animal

14

; 14.
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Table 2.

OKRo4SK .2 V/a
WK ORDER NGUMER Of RZSPONSES CU)

AND PhRENT CO1ECT (1)

P.n-al A Animal J (u) Aninal N (u) AnImal G
Cood. N Cond. N Cond. I Cond. N

0/Ox 1149 0/Ox 605 . O/Oc 1689 0/Ox 770

76 988 76 574 7660 1553 7 716

7 947 O/Oc 434 76 1397 761 704

76H 787 761 402 76M 1330 O/Oc 630

O/Oc 780 7660 388 O/Ox 1300 76 579

7660 734 7 385 7 870 7660 561

Cond. z Cond. z Cond. z Cond. 2

7660 88 O/Ox 87 76 78 7 82

76 82 76M 84 76) 78 76M 81

7 81 76 81 0/Ox 76 76 so

O/Oc 81 O/Oc 8 O/Oc 72 O/Ox 77

76M1 80 7660 81 7 70 O/Ox 77

O/Ox 77 7 77 7660 69 7660 76

(u) Indicates unimplanted animal

!1j

1.5.
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Table 3.

OR-MSK iC Vim
rK ORDE WIZT IMIT MEAN IRT AND STANDARD DEVIATlON

(Entire Expetrent - Last Bin Excluded)

Animal A Animal G Animal J(u) Animal H3(u) Animal K(u) Anlmal L(u)
X Coed I Cand. Co,.d. X toad. X CoVA. x+

O/Om 5.88 76 5.29 7411 5.29 761 5.19 7611 4.90 7611 5.3:

7 5.89 7 5.34 O/Ox 5.34 o/Oc 5.23 7660 5.01 7660 5.31

76M 5.91 O/Ox 5.37 OOc 5.38 0.Ox 5.26 O.Oc 5.20 7 5.4(

010x 6.00 0/0% 5.45 7 5.41 7 5.27 O/Ox 5.24 76 5.51
O/Oc 6,13 7660 5,55 7660 5.51 7660 5.28 7 5.33 O/Oc 5.5:

7"60 6,14 O/Oc 5.62 76 5.57 76 5.31 76 5.36 OlOx 5.5,

76 6.26 76H .63

Cn Cod. Cnd. Cond. a Cond. Cond. a

7 1.37 76 .89 7611 1.12 7 .75 76 1.55 7660 1.2

O/Oc 1.55 7660 .99 O/Ox 1.12 7611 .77 7 1.73 O/Ox 1.3

0/x3 1.55 7611 1.08 O/Oc 1.14 O/Oc ,81 O/Oc 1.80 O/Oc 1.4

76 1.59 O/Ox 1.11 7 1.24 76 .90 7611 1.85 76 1.5

7611 1.63 0/0% 1.11 7660 1.37 7660 .93 O/Oz 1.86 761M 1.5

7660 1.64 7 1.17 76 1.55 O/Ox 1.02 7660 1.99 7 1.5

OO 1.66 O/Oc 1.25

Legend

76 * 76 f1 CW
76! a 76 1i frequency modulated
7660 - 76 Zz frequency modulated plus 60 s 6 10 V/u p-p
O/O , Monday
O/Oc - Control
O/Ox,- Carry-over day

* u - unimplanted animal

16.
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Table 4.

DANK OMR N Or IhSPCOI4shS (M) AIM 1RDC C0MCT
(sntire Ixiriprlent - Lost Bin Included)

Anjual A Anmal 0 Animal J(u) Animal (u) Anias ilu) Animal L(u)

76 445 7660 794 76 723 7660 U74 7660 825 76H 663

o/ox 012 / O8 7 402 o/oc 1228 76 1o61 o/Ox 762

3s29 o/oc 7S o/ $20 76 1232 o/Ox 1,12 7 807
010M 521 WE0 985 0/0= 890 7 1245 010= 1240 7660 832

O/Oc 540 O/O0 1196 7"0 929 O/Ox 1264 7 1241 76 838

76M 596 7 1201 761 1080 76 1332 76M 1952 O/Oc 883

7660 631 76 1427

Cod. 2 Cond.I C.d. 2 C_1-1o.ond. Z

761( 68 76 75 76Mt 67 761H 76 7660 62 7 7(,,

7660 70 0/1x 77 7660 69 O/Oz 77 76M 63 76M 75

0/0m 71 7 79 76 70 0/Oc 78 76 65 7660 75

010c 79 0/0 so O/0x 70 76 80 0/Ox 69 76 77

7 81 76M 81 O/Oc 70 7 82 7 74 O/Oc 78

76 83 7660 81

76 a 76 Is CW
764 - 76 Us frequenCy modulated
7660 - 76 1h frequency nodulated plus 60 Us @ 10 V/1 p-p

• Oone Mday

O/Oc Coatrol
O/Ox a Carry-over day a
u - .unwlplanted anmal

17.



* Table 5.

CPl-w6K 56 V/u
RANK OR=U WICU!IDU MWN TT AND STANDAIW MVIAOW

Animal A MAuMl G Anial J(u) Animal N (u) Animal K(u)
S. . ... J... . xJ Cond. Cood. X Cond. 

7660 5.34 0/Oz 5.40 7 5.31 7660 5.18 7 5.15
0/0. 5.37 7 5.47 7660 5.32 7 5.21 76H 5.18

7 5.38 0/Oc 5.49 0/Cc 5.34 0/0c 5.21 76 5.20

.0 .42 76 5.63 76 5.35 76 5.25 0/0z 5.20

7611 5.50 7660 5.75 0/Ox 5.42 76M1 5.26 0/Ox 5.43

0/Oc 5.61 7611 5.81 7611 5.44 0/Ox 5.28 7660 5.51

0/T. 5.45

Coud. a coud. -0 Cond. aCond. a Cond. a

7 .75 0/Ox .89 76 .74 7 .65 7 1.52

76M .81 0/Oc .93 7 .77 0/Oc .71 0/Oc 1.69

0/Oxt .87 76 1.02 0/Cc 1.02 76M .71 76 1.71

01Oc 1.15 7 1.16 7660 1.10 76 .76 7660 1.71

7660 1.19 76M 1.22 0/Ox 1.12 7660 .80 76M 1.79

76 1.23 7660 2.05 7GM 1.15 0/Ox .85 0/Ox 1.81

* /0. 1.29

*1

!r ............... ,..co* " , Co 18. LI

.. ..a..- . - - . -. - . .t

5605.3 01z 540 5.3. 6605.1 7 5.15
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Table 6.

OUR-MSK 36 V/u

Lal 01D1 k4Ui Or ISISES (1) AD PICcI T COlUCT (2)

ARMI Animal 0 Anual J(u) Animal VN(u) Animal K(u)

MA N aa... oud. ICood. 1 COUd V-

761 516 761 240 761M .187 /Ox 964 76 1349

7 593 7 515 Olos 1302 76 1067 7660 1357

7660 602 7660 582 7 1320 7660 1206 /Oc 1425

76 634 76 797 /Ox 1490 761 1295 O/Ox 1477

0/Oc 638 O/Ox 686 O/Oc 1556 O/Oc 1346 76 1557

7660 1591

Coud. I Cond. 2 Conod. 2- Cou d.

7660 80 7660 64 766( 66 76 78 7611 66

76 82 761 76 O/JO 67 7660 78 010c 67

O/Ox 85 7 79 O/Oc 69 7 79 7 68

0/Oc 87 0,'Ox 79 O/Ox 73 O/Oc 79 76 68

761 88 0/Oc 81 7 73 /Ox 81 7660 70

7 89 76 84 76M 73 7 f 86 O/Ox 70

16 -.7

19.
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Table 7.

D&UCSIPTIVE t STATISTICS ACROSS 7M0WONCIES

(No-field IiT (X].€ - fteld ZUT (1alm)

(To-tailed tests used for all negative differences)

.2 Va IQI/F-56 V/0

- .075 .075 .066

S, -12  .C,38 .068 .042
1 1.975 1.105 1.587

p .204p3.10 .201p>o.15 .104p-.0
V

-,.095 028 0.0

76 Hs 
.065.03

t 1.462 .826

p .30<p.20 .50cp>.40 N.S.

D - .020 .138 - .067

.051 .049 .072
76 Ha
Nod. .391 2.816 .917

p .804p:..70 .05p>.01* .50 p .40

3 - .078 .037 .050

76 3: S71-12 .069 .089 .06
Mod.,+

60 Ex t 1.161 .410 .470

p .40cp>.30 .35<p).30 .354p),.30

.5

D - .023 .057 .010

ca-r,.-. .019 .047 .061z , carryp- S1
OeWl t 1.165 1.217 .124

p .404p>.30 .15p ) .10 p.90

20.- it
5 5 !-
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Table 13.

siz~mwam-camCORRELATION COZFFICIT BETWEEN
CONROLIR's NDCONTROL-7 Hs MEAN Ill DIM7UNCE SCORES

(C n resent Studies Cbned)

main
Control Diff.

"Anal lR ank Scares Rak D2

K(u) 5.20 1 -. 13 1 0 0

E~)5.23 2 -. 04 3 1 1

J~)5.37 3 -. 08 2 1 1

I()5.44 4 .01 5 1 1

L (u) 5.53 5 .13 7 2 4

A 6.13 10 .23 10 0 0

.1 A* 6.58 11 .12 6 5 25

Rho ..62' 5. 6 .21.1

*Frm 176CW study

.26.

-041:
: i T-7-- 7,



Table 14. 4
SY1C IMUCZ: Comparison of 1976 (N-S) an"

1)78 (N-6) Coetrol Values In 10 V/n Study
(Nman-Wbltss U-Test)

1976 1978

III. -Rank in.. frik

6.58 1U 6.13 10

6.03 9 5.62 7

5.87 8 5.53 5

5.58 6 5.36 3

5.44 4 5.23 2

5.20 1

U "7; Pm .089

1976 a U-Rank 1978 a U-Rank

1.73 10.5 1.73 10.5

1.28 7 1.54 9

1.13 3.5 1.37 8

1.13 3.5 1.24 -6

0.89 2 1.15 5

0.75 1

U U; P .268

' 27.
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FIGURE 1.

.'V/M Tl . IOV/M 7H9 soV/M ?"a

"r I
a *1A,j •

U41!... *seW "" g

1"TIt"'SPONSE T1M" (No" M)

IRT-OJ~tlmeslonse tinel) histo&TaaI ar~e shown f~or a sinle
aubj}ect 0Nacaca Amestrin) are shown for field (filled circles):
and no-fleld, contol, (open circles) sessions at 1, ;0 and
56 V/s p-p with 8&'7 Its modulation frequency. Each histogram
wans constructed f rom,,Vie data f rov a single ezperiental
session. The veral .bas8 Inicate the meas of each
disatribution, Reprrluced from (5).

3.63 I3.30.
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FIGURE 3.

0

jAMPMTAMINE (mg/kg)

IMCI

The effects of externl stlalus control. In the form of a
"behavioral prosthesis," on performance on a DUL schedule

amphetamine are abolished wihen the external stimlus mdi -

cating reinforcmnt availability toIntroduced. Reproduced 32
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FIGURE 4.
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The effects of sethy.1 gercury on pigeous working on an TCZI 8 or 9
schedule. Reproduced from (8) * data frOM (7)
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APPENDIX I.

EEC POWER SPECTRA

Anmal A. R. HiDpocampus

Control: Correct, Incorrect 10 V/u Series 1

7 iz: Correct, Incorrect 10 V/u Series 2

76 Hz: Correct, Incorrect, 10 V/n Series 3

MSK (76 lz, frequency-modulated): Correct,
Incorrect 10 V/u Series 4

MSK + 60 Hz: Correct, Incorrect 10 V/m S ties 5

SL. Hippocampus
SControl: Correct, Incorrect 10 Vim Serie- 6.

7 6z: Correct, Incorrect 10 V/m Series 7

76 Hz: Correct, Incorrect 10 V/m Series 8

K (76 Hz, frequency-modulated): Correct,
Incorrect 10 V/u Series 9

7SK + 60 Hz: Correct, ncorrect 10 V/m Seres 10

: R. Asaygdala

Control: Correct, Incorrect 10 V/ Series 11

Control: Correct, Incorrect 56 V/m Series 12

7 Hz: Correct, Incorrect 10 V/m Series 13

7 Hz: Correct, Incorrect 56 V/m Series 14

K 76 Hz: Correct, Incorrect 10 V/ u Series 15

76 Hz: Correct, Incorrect 56 V/ u Series 16
e.. MS1: Correct, Incorrect 10 V/u Series 17

. 1S1K: Correct, Incorrect 56 V/a Series 18

".: MSK + 60 Hz: Correct, Incorrect 10 V/m Series*

i MSK + 60 Hz: Correct, Incorrect 56 V/m Series 19

RCM4
• .Control: Correct, Incorrect 56 V/cm Series 20

7 liz: Correct, Incorrect 56 V/u Series 21

*Data lost.
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76 R: Correct, Incorrect 56 V/u Series 22

KSK: Correct, Incorrect 56 V/u Series 23

MSK + 60 Hz: Correct, Incorrect 56 V/u Series 24

LOI

* Control: Correct, Incorrect 56 V/u Series 25

7 #z: Correct, Incorrect 56 V/u Series 26

76 liz: Correct, Incorrect 56 V/u Series 27

* 76UK: Correct, Incorrect 56 V/u Series 28

MSK + 60 Iz: Correct, Incorrect 56 V/m Series 29

Animal G. R. Rippocaupus

Control: Correct, Incorrect 10 V/u Series 30

Control: Correct, Incorrect 56 V/u Series 31

7 Hz: Correct, Incorrect 10 V/u Series 32

7 iz: Correct, Incorrect 56 V/u Series 33

76 Hz: Correct, Incorrect 10 V/m Series 34

76 Hz: Correct, Incorrect 56 V/u Series 35

MSK: Correct, Incorrect 10 V/m Series 36

MSK: Correct, Incorrect 56 V/m Series 37
MSK + 60 Rz: Correct, Incorrect 10 V/m Series 38

MSK + 60 lz: Correct, Incorrect 56 V/m Series 39

R. Superior Colliculus

Control: Correct, Incorrect 10 V/u Series 40

Control: Correct, Incorrect 56 V/m Series 41

7 lz: Correct, Incorrect 10 V/m Series 42

7 lz: Correct, Incorrect 56 V/u Series*

76 Hlz: Correct, Incorrect 10 V/u Series 43

76 Hz: Correct, Incorrect 56 V/u Series 44

iSK: Correct, Incorrect 10 We Series 45
1SK: Correct, Incorrect 56 V/u Series 46

MSK + 60 Hz: Correct, Incorrect 10 V/m 47
.

* *Data Lost.
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R. TgMoral Lobs

Control: Correcto Incorrect V' V/S Series 48

Control: Correct, incorrect 6, V/u Series 49

7 a: Correct, Incorrect 10 Vi ., Serie" so

7 R: Correct, Incorrect 56 V/V, Series 51

76 R1: Correct, Incorrect 10 V/m Earles 52

76 Rs.: Correct, Incorrect 56 Vm Series 53

15K: Correct, Incorrect 10 V/u Series 54

XSK: Correct, Incorrect 56 V/m Series 55

SK + 60 Ia: Correct, Incorrec: 10 V/a Series 56

WSK + 60 R:: Correct, Incorre..r 56 V/u Series 57

J
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ELECTROMAGNETIC FIELD MlASUREENS It SUPPORT

OF PRIMATE BEHAVIORAL AND EEG STUDIES

J.R. GAUGER and N.C. ROBERTSON
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